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(54) Structure of a rotor for generators and method of manufacturing the same rotor 



(57) The present invention provides a structure of a 
rotor for a generator in which a rotor capable of being 
ground very easily with a high accuracy is incorporated. 
This structure of a rotor comprises a rotor mounted fix- 
edly on a rotary shaft supported rotatably on housings. 
The rotor comprises cylindrical^ arranged members in 
which segmental members of permanent magnets are 



assembled together cylindrically, and an outer cylinder 
provided on an outer circumference of the cylindrically 
arranged members and comprising windings or woven 
cloths of fibers. A resin material capable of being ground 
is packed in clearances between the cylindrically ar- 
ranged members and outer cylinder and in the clearanc 1 
es in the outer cylinder. 
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Description 

This invention relates to a structure of a rotor for a 
generator comprising a rotor formed of a permanent 
magnet mounted on a rotary shaft, and a stator disposed s 
around an outer circumference of the rotor; and a meth- 
od of manufacturing the rotor. 

As the performance of a permanent magnet has 
been improved, the opportunities in which a permanent 
magnet is used as a rotor of a generator have increased. 10 
A generator-motor using a permanent magnet as a rotor 
obtains high generating and power efficiencies, and can 
be formed to a simple structure. Owing to these charac- 
teristics, such a generator-motor has recently come to 
be used much in industrial machines and tools. is 

When a rotational frequency of a rotor in a conven- 
tional generator-motor increases as a voltage and an 
amperage increase, a large centrifugal force occurs in 
the rotor, so that the rotor is required to withstand the 
centrifugal force. Therefore, an outer circumference of 20 
the permanent magnet constituting the rotor is rein- 
forced with a reinforcement ring so that the rotor can 
withstand the centrifugal force. 

The known generators using a permanent magnet 
as a rotor include, for example, the miniaturized gener- 2s 
ator disclosed in Japanese Utility Model Laid-Open No. 
146975/1990, the high output AC generator disclosed 
in Japanese Patent Laid-Open No. 236260/ 1995, the 
permanent magnet type rotary machine disclosed in 
Japanese Patent Laid-Open No. 272850/1 987 orthe dy- 30 
namo-electric machine disclosed in Japanese Utility 
Model Laid-Open No. 162977/1985. 

In the miniaturized generator disclosed in Japanese 
Utility Model Laid-Open No. 146975/1 990 : a main shaft 
and a rotor are connected together via a governor mech- 35 
anism in which a governor weight is supported pivotably 
on a pair of links so that the rotor is moved in the direc- 
tion in which the rotor comes out of a stator by separat- 
ing the governor weight from the main shaft by a cen- 
trifugal force in accordance with the rotational frequency *o 
of the main shaft and thereby reducing an angle be- 
tween the links. 

The high output AC generator disclosed in Japa- 
nese Patent Laid-Open No. 236260/1 995 is adapted to 
control a generating power properly by controlling a *s 
magnetic flux density in accordance with a rotation 
speed thereof, and provided with a control ring relatively 
rotatably between a rotor and a stator, and a permeable 
member engageable with and disengageable from the 
control ring. so 

In the permanent magnet type rotary machine dis- 
closed in Japanese Patent Laid-Open No. 272850/ 
1987, a permanent magnet is provided on a rotor, and 
also a pole piece-forming container adapted to guide a 
movable magnetic member diametrically by the rotation ss 
of the rotor in which the movable magnetic member is 
sealed. 

The dynamo-electric machine disclosed in Japa- 



nese Utility Model Laid-Open No. 162977/1985 is pro- 
vided on its rotatable support shaft with a magnetic flux 
density variable mechanism capable of varying the 
magnetic flux density of a magnetic circuit formed by a 
permanent magnet corresponding to the rotational fre- 
quency of the support shaft. 

As mentioned above, in a generator formed by us- 
ing a permanent magnet as a rotor rotating at a high 
speed, a permanent magnet constituting a rotor is pro- 
duced mostly by sintering powder of an iron-neodymium 
alloy, and forming a sintered body thus obtained to a 
predetermined shape and precision. However, it is diffi- 
cult to grind a permanent magnet comprising such a sin- 
tered body by a grinding tool due to the material of the 
permanent magnet. This causes the processing time for 
forming a permanent magnet into a rotor, a manday for 
subjecting a permanent magnet to various steps from a 
grinding step to a precision processing step and the ro- 
tor manufacturing cost to increase. A permanent mag- 
net comprises a sintered body of an alloy of rare earth 
metals, and has a low processabilrty. Since this sintered 
body is ground slowly so as to prevent a bit from being 
damaged, the processing cost increases greatly as 
compared with the material cost, so that the manufac- 
turing cost becomes high. 

In a generator using a permanent magnet as a rotor, 
generated power is represented by a product of a rota- 
tion speed of the rotor and the intensity of a magnetic 
field, and, therefore, the generated power increases in 
proportion to the rotation speed of the rotor The inten- 
sity of the magnetic field is represented by a product of 
a magnetic force of the permanent magnet and an area 
thereof. When the rotational frequency of the rotor in- 
creases in accordance with an increase in the voltage 
and amperage, a large centrifugal force occurs therein. 
Since the rotor is broken if it does not withstand such a 
centrifugal force, so that the rotor is required to resist 
the centrifugal force. To meet the requirement, a perma- 
nent magnet constituting such a rotor is generally rein- 
forced at an outer circumference thereof with a rein- 
forcement ring so that the rotor can withstand the cen- 
trifugal force. 

A cylindrical permanent magnet is usually made by 
filling a cylindrical mold of a nonmagnetic material with 
alloy powder containing elements, such as iron, neo- 
dymium, samarium and cobalt, solidifying the alloy pow- 
der by compression molding the same at a high temper- 
ature, and instantaneously sintering the resultant mold- 
ed body by high-frequency heating with the NS poles, i. 
e., lines of magnetic force in the alloy aligned by apply- 
ing a magnetic force thereto during the sintering of the 
molded body. After a magnetic force is applied to the 
molded body, a cylindrical sintered body of a permanent 
magnet is taken out of the mold, and the outer and inner 
circumferential surfaces thereof are ground. On the oth- 
er hand, a thin-walled outer cylinder comprising wound 
carbon continuous fiber is formed as a member for re- 
inforcing the sintered body. The sintered body of a per- 
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manent magnet is press fitted in the thin-walled outer 
cylinder to finish a rotor. 

However, it is difficult and takes a long time to grind 
the outer and inner circumferential surfaces ot a sintered 
body of a permanent magnet, and this causes the man- 
ufacturing cost to increase greatly. It is difficult to form 
a permanent magnet cylindrically to a large diameter, 
and a permanent magnet into a large-diameter rotor. 
Consequently, large output generation cannot be ex- 
pected as long as a permanent magnet is used as a ro- 
tor. Therefore, issues to be resolved are how to develop 
a method of grinding a sintered body of a permanent 
magnet easily, speedily and precisely so as to reduce 
the manufacturing cost. 

Since the cost of the material for a permanent mag- 
net, such as iron, neodymium, samarium and cobalt is 
high, utilizing the material efficiently is desired. As the 
dimensions of a generator increase, those of a perma- 
nent magnet have to be increased. To meet this require- 
ment, using segmented permanent magnet can be con- 
ceived. When a permanent magnet is divided into seg- 
ment members, in to what type of a structure should 
these members be combined is an issue. 

When a rotor in a generator is rotated at a high 
speed, a large centrifugal force is exerted thereon. 
Therefore, ft is always demanded that a permanent 
magnet be reinforced for the retention of the same, i.e., 
for preventing the permanent magnet from being 
bursted by the centrifugal force. Consequently, studying 
a structure capable of increasing the strength of a per- 
manent magnet is required. When a rotor in a generator 
is rotated at a high speed, a high output is obtained, and 
this poses an issue as to what structure is required for 
a rotor having smaller weight, a higher rigidity and a 
higher resistance to a high-speed rotation. 

When a large output is obtained from a generator 
by rotating a rotor, which comprises a permanent mag- 
net, at a high speed, the temperature increases due to 
an iron loss and a copper loss, and the permanent mag- 
net is demagnetized due to the heat generated. When 
demagnetization occurs in the permanent magnet con- 
stituting a rotor, the permanent magnet is decomposed, 
so that it has to be remagnetized. Consequently, when 
the dimensions ot the rotor increases, the cost of regen- 
erating the permanent magnet increases correspond- 
ingly, and a loss becomes larger. Therefore, when a ro- 
tor is formed of a permanent magnet, it is necessary that 
the rotor be cooled so that demagnetization does not 
occur in the permanent magnet, and developing the 
techniques for cooling a rotor effectively is an issue en- 
countered in the prior art. 

An aim of the present invention is to provide a struc- 
ture of a rotor for generators, formed of a permanent 
magnet obtained by sintering powder of iron or neodym- 
ium, the regions of the rotor in which the grinding is nec- 
essary for the permanent magnet being formed out of a 
nonmagnetic material containing an easily processable 
material, such as a resin or a metal so as to enable the 



outer and inner circumferential surfaces of a sintered 
body to be ground easily with a high-precision, whereby 
the manufacturing cost is reduced; and a method of 
manufacturing the same rotor. 

s Another aim of the present invention is to provide a 
structure of a rotor for generators, wherein, in order to 
form a rotor comprising a permanent magnet, mounted 
on a large-diameter rotary shaft and produced by sin- 
tering powder of iron or neodymium, at a greatly reduced 

10 manufacturing cost, a permanent magnet is formed cy- 
lindrically by a plurality of cross-sectionally nearly rec- 
tangular fan-shaped segmental members and provided 
on a cylindrical laminate member of a high permeability 
to set the segmental members as alternating NS poles, 

1$ an outer side surface of the cylindrical member being 
covered with a reinforcement member of a nonmagnetic 
material, clearances between the segmental members 
being filled with a reinforcement material-containing 
nonmagnetic metal or resin and solidified, a light porous 

20 cylindrical member impregnated with a nonmagnetic 
metal or resin being provided between the rotary shaft 
and cylindrical laminate member, whereby the securing 
of the rigidity of the rotor, the reduction of the weight 
thereof, a high-speed rotation thereof and a high output 

25 from the generator can be attained. 

Still another aim of the present invention is to pro- 
vide a structure of a rotor for generators, wherein a rotor 
is formed by making a permanent magnet having a plu- 
rality of cylindrically arranged cross-sectionally nearly 

30 rectangular fan-shaped segmental members, arranging 
members of a nonmagnetic metal or resin between the 
segmental members to form a cylindrical member, cov- 
ering an outer side surface of the cylindrical member 
with a reinforcement member of a nonmagnetic materi- 

35 al, providing on the inner side of the cylindrical member 
with a cylindrical laminate member of a permeable ma- 
terial and a cylindrical porous member having a plurality 
of air ports extending from one end thereof to the other, 
and providing a cooling means, to thereby enable the 

40 rotor to be cooled with air currents and prevent the per- 
manent magnet from being demagnetized even when 
heat occurs due to a copper loss or an iron loss, the 
rigidity of the rotor to be secured, the reduction of the 
weight of the rotor to be attained, the rotor to be rotated 

45 at a high speed, and a high output to be obtained. 

The present invention relates to a structure of a ro- 
tor for a generator comprising a rotary shaft supported 
rotatably on housings, a rotor comprising permanent 
magnets mounted on the rotary shaft, and a stator pro- 

50 vided around an outer circumference of the rotor and 
fixed to the housings, the rotor being formed of cylindri- 
cally arranged members comprising permanent mag- 
nets, an outer cylinder provided around outer circumfer- 
ences of the cylindrically arranged members and com- 

55 prising windings or woven cloths of fibers, and a 
machinable nonmagnetic material packed in a clear- 
ance between the cylindrically arranged members and 
outer cylinder and clearances among the fibers. 



3 



3NSDOCID: <EP 085456BA2 l_ > 



EP 0 854 558 A2 



5 

In this structure of a rotor, the nonmagnetic material 
comprises a resin or a metal. The cylindrical ly arranged 
members are formed of segmental members compris- 
ing permanent magnets, and an inner cylinder compris- 
ing a resin material is provided on an inner circumfer- 5 
ence of the cylindrically arranged members, a resin ma- 
terial constituting the nonmagnetic material being inter- 
posed between the segmental members. 

The windings constituting the outer cylinder are so- 
lidified by a resin materia! constituting the nonmagnetic 10 
material. Ceramic fibers or carbon fibers of a high heat 
conductivity are mixed in the resin material so as to im- 
prove the strength and heat conductivity thereof. 

The aluminum or an alloy thereof is fused to bound- 
ary portions between the outer cylinder and cylindrically fs 
arranged members and boundary portions between the 
cylindrically arranged members and inner cylinder, and 
the outer cylinder is reinforced with windings of ceramic 
fibers. The inner cylinder and boundary portions contain 
iron powder so as to improve the permeability thereof. 20 

The outer cylinder, inner cylinder and boundary por- 
tions contain a resin material, and have resin portions 
of a thickness at least not smaller than that of grinding 
margins. Another example of the outer cylinder compris- 
es an aluminum material, and has an aluminum portion 25 
of a thickness at least not smaller than that of a grinding 
margin. 

In another embodiment of this structure of a rotor, 
the windings constituting the outer cylinder are formed 
of carbon fibers or ceramic fibers, and the permanent 30 
magnets constituting the cylindrically arranged mem- 
bers are formed by molding and solidifying mixed pow- 
der of materials including at least iron, neodymium, sa- 
marium and cobalt, sintering the resultant product and 
magnetizing the sintered product. The outer cylinder is 35 
formed by melting a resin material and impregnating 
windings or woven cloths of carbon fibers or ceramic fib- 
ers with the resultant molten resin material. 

This structure of a rotor is formed by sealing cylin- 
drically arranged members comprising permanent mag- *o 
nets in an outer cylinder comprising windings or woven 
cloths of ceramic fibers. In this structure of a rotor, a thin- 
walled member of elastic carbon or graphite is provided 
on an inner side of the outer cylinder so as to improve 
the compatibility of the outer cylinder and cylindrically 
arranged members with each other. 

In this structure of a rotor, cylindrical laminated 
members comprising a permeable material is provided 
on an inner side of the cylindrically arranged members, 
and cylindrically arranged porous members mounted so 
fixedly on the rotary shaft and comprising a resin mate- 
rial-impregnated nonmagnetic structural material on an 
inner side of the cylindrical laminated members. The 
permanent magnets constituting the cylindrically ar- 
ranged members are formed by cylindrically arranging 55 
cross-sectional ly nearly rectangular fan-shaped seg- 
mental members, and these segmental members are 
set as alternating NS poles A nonmagnetic material is 



provided between adjacent segmental members. 

The reinforcement member constituting the outer 
cylinder is formed by solidifying carbon fibers or ceramic 
fibers with a resin material. In another example, the re- 
inforcement member is formed out of nonmagnetic 
stainless steel into wires or a thin plate. 

The cylindrical laminate member is formed by lam- 
inating a plurality of cylindrical silicon steel plates in the 
axial direction. The resin material mentioned above con- 
tains ceramic fibers or carbon fibers of a high heat con- 
ductivity mixed therein so as to improve the strength and 
heat conductivity. 

The cylindrically arranged porous members com- 
prise stainless steel or aluminum, or a nonmagnetic ce- 
ramic material, such as alumina or silicon nitride, and 
the porous portions thereof are impregnated with a non- 
magnetic resin. 

This structure of a rotor is provided with ports, 
through which cooling air passes, in the housings : and 
the cylindrically arranged members comprise segmen- 
tal members formed of permanent magnets combined 
together cylindrically, the rotor being provided with cy- 
lindrical laminated members disposed on the inner side 
of the cylindrically arranged members, cylindrical po- 
rous member disposed on the inner side of the cylindri- 
cal laminated members, mounted fixedly on a rotary 
shaft, having a plurality of air ports extending from one 
end thereof to the other and comprising a nonmagnetic 
material, and a cooling fan mounted on the rotary shaft 
so as to cool the cylindrically arranged members with 
an air current. In this structure of a rotor, the permanent 
magnets constituting the cylindrically arranged mem- 
bers are formed by cylindrically arranging cross section- 
ally nearly rectangular fan-shaped segmental members, 
and these segmental members are set as alternating NS 
poles, a nonmagnetic material being provided between 
adjacent segmental members. 

The cooling fan comprises a centrifugal fan, where- 
by an air current is generated which flows from the ports 
in one end of the housing to the ports in the other through 
the air ports in the cylindrical porous member. Fins for 
guiding the air current to the extension portions of the 
segmental members or cylindrical laminated members 
are provided on the portion of the rotary shaft which is 
in an upstream portion of the air current generated by 
the centrifugal fan. 

The cylindrically arranged porous members are 
formed of honeycomb portions constituting the air ports, 
and reinforcement portions comprising a metal or a resin 
material extending circumferential ly in part and radially 
so as to reinforce the honeycomb portions. The rein- 
forcement portions comprise outer cylinders formed by 
solidifying nonmagnetic carbon fibers or ceramic fibers 
with a resin material, or outer cylinders comprising wind- 
ings of wire rods of nonmagnetic stainless steel or plate 
members of nonmagnetic stainless steel. 

The cylindrical members are formed by laminating 
a plurality of cylindrical silicon steel plates in the axial 
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direction thereof. 

In order to form a material inserted between the 
segmental members constituting the cylindrically ar- 
ranged members of a resin material, ceramic fibers or 
carbon fibers of a high heat conductivity are mixed 5 
therein so as to improve the strength and heat conduc- 
tivity of the resin material. The clearances between the 
segmental members constituting the rotor and the rein- 
forcement portions of the cylindrical porous member 
have structures formed by pouring molten aluminum 
thereinto and solidifying the same. 

Since this structure of a rotor is constructed as de- 
scribed above, it can be incorporated as a rotor in a gen- 
erator-motor AC machine for converting rotational ener- 
gy into electric energy, and the AC machine is capable 
of being applied easily to a cogeneration system and an 
energy recovery unit for automobile engines, withstand- 
ing predetermined high-speed rotation, and, moreover 
displaying predetermined performance since the rotor 
is precisely ground. 

Since this structure of a rotor is formed cylindrically 
as mentioned above, by packing a nonmagnetic resin 
material between a plurality of segmental members of 
permanent magnets constituting the rotor, a combined 
permanent magnet of a generally large diameter can be 
obtained, which permits a large-sized generator to be 
made. Moreover, light, resin-impregnated cylindrical po- 
rous member is mounted on a rotary shaft constituting 
an inner circumferential side portion of the permanent 
magnets, so that the diameter of the rotor can be in- 
creased to a high level, the weight of the rotor kept light 
in spite of such an increased diameter thereof. 

Since the permanent magnets can be formed to a 
desired large diameter by combining a plurality of seg- 
mental members together, the peripheral speed can be 
increased to a high level, and generated electric power 
can be increased. Since cylindrical laminated permea- 
ble members comprising silicon steel plates are provid- 
ed on the inner circumferential side of the permanent 
magnets, a high-output generator having a low resist- 
ance of magnetic flux passages can be produced. 

This structure of a rotor is provided with reinforce- 
ment members, which comprise resin material-contain- 
ing carbon fibers and ceramic fibers, or thin plates or 
windings ot stainless steel, and which are formed cylin- 
drically, around the outer circumferences of cylindrically 
arranged members. Therefore, the rotor can be rein- 
forced to a strength overcoming a rotor-bursting force 
due to the centrifugal force of the cylindrical member, 
and reinforced cylindrically arranged members can be 
formed easily. Namely, since reinforcement members 
comprising cylindrical bodies formed by solidifying met- 
al- or resin material-containing carbon fibers or ceramic 
fibers, or cylindrical bodies of stainless steel are provid- 
ed on the outer circumferences of the cylindrically ar- 
ranged members, so that the strength of the cylindrically 
arranged members can be improved. 

Since the cylindrical laminated permeable mem- 



bers and cylindrical porous member are provided on the 
inner side of the cylindrically arranged members, a high 
efficiency can be obtained. Moreover, even when the cy- 
lindrical members are formed to a large diameter, the 
cylindrical porous member, light structural members can 
be formed as a high-rigidity shaft body, and this enables 
a high-speed high-output permanent magnet type gen- 
erator of a high durability to be produced. 

In this structure of a rotor, a core portion of the rotor 
mounted fixedly on the rotary shaft is formed of cylindri- 
cal porous member having air ports extending from one 
end thereof to the other as described above with a cool- 
ing fan mounted on the rotary shaft, whereby the cylin- 
drical porous member of a large area are cooled with an 
air current generated by the cooling fan. This enables 
the permanent magnets to be cooled very effectively, 
the demagnetization of the permanent magnets to be 
prevented, the cylindrically arranged members as a 
whole to be formed as a large-diameter permanent mag- 
net, and a large-sized generator to be obtained. 

Since the cylindrical laminated permeable mem- 
bers and cylindrical porous member are provided on the 
inner side of the cylindrically arranged members, mag- 
netic flux flows effectively, and an increase in the tem- 
perature can be prevented. Even when the cylindrically 
arranged members are formed to a large diameter, ri- 
gidity and strength problems thereof do not arise owing 
to the provision of the cylindrical porous member, and, 
moreover, the permanent magnets as a whole can be 
formed to a large diameter. Accordingly, the peripheral 
speed of the permanent magnets becomes high, and a 
high output can be attained. 

Since the cylindrical porous member of honeycomb 
structures is mounted on the rotary shaft constituting the 
inner circumferential portions of the cylindrically ar- 
ranged members of permanent magnets, the cylindrical 
porous member can be cooled effectively even when an 
air volume is low, and a shaft as a whole fixed to the 
rotary shaft can be formed to a large diameter. Since the 
shaft as a whole comprises the light cylindrical porous 
member, the weight of the rotor can be reduced to a low 
level in spite of the fact that the shaft as a whole is 
formed to a large diameter. Since the permanent mag- 
net portion can be formed to a large diameter, the pe- 
ripheral speed of the permanent magnets can be in- 
creased to a high level, and the generated power can 
be increased. The cylindrical laminated members hav- 
ing a permeability and comprising silicon steel plates are 
provided on the inner circumferential side of the perma- 
nent magnets, the occurrence of an eddy current can 
be prevented. 

The present invention also relates to a method of 
manufacturing a rotor for generators, comprising the 
steps of forming a thin-walled outer cylinder comprising 
windings or woven cloths by winding up carbon fibers 
or ceramic fibers, placing the outer cylinder in an annular 
sintering mold, packing magnetic powder of at least iron 
and neodymium on the inner side of the outer cylinder. 



15 



20 



25 



30 



35 



40 



45 



50 



5 



6NSDOCID <EP 0854558A2J_> 



9 



EP 0 854 558 A2 



10 



pre: . molding the magnetic powder, and turning the 
mfc? powder into permanent magnets by thermally 
sinie the magnetic powder while magnetizing the 
same in an oxygen free atmosphere. 

In this rotor manufacturing method, a resin material 
is permeated under pressure in clearances, which occur 
in boundary portions of the permanent magnets includ- 
ing the outer cylinder, during the sintering o1 the mag- 
netic powder, and clearances between the fibers. In the 
resin material, ceramic fibers of a high heat conductivity 
are mixed so as to increase the strength and heat con- 
ductivity thereof. 

According to this rotor manufacturing method, the 
cylindrically arranged members comprising permanent 
magnets of sintered bodies can be reinforced with car- 
bon fibers of ceramic fibers, and the outer cylinder com- 
prising a resin material and carbon fibers can be ground 
easily, speedily and highly precisely as mentioned 
above. Then, only the inner circumferential surfaces of 
the cylindrical members are grounded with reference to 
the outer circumferential surface of the outer cylinder. 
Therefore, the processing time can be reduced to not 
more than a half of that in a prior art method of this kind, 
so that the manufacturing cost can be greatly reduced. 
Especially, the permanent magnets are demagnetized 
at a temperature of not lower than 200°C, and they are 
therefore used in an atmospheric environment of not 
higher than 200°C. Even when a resin material is per- 
meated between the outer cylinder and cylindrically ar- 
ranged members, the strength of the permanent mag- 
nets can be maintained without the melting and deteri- 
oration of the resin material. 

Embodiments of the present invention will now be 
described by way of example only with reference to the 
accompanying drawings, in which: - 

Fig. 1 is a sectional view showing a first example of 
a generator in which the structure of a rotor accord- 
ing to the present invention is incorporated; 
Fig. 2 is a sectional view showing a first embodi- 
ment of the structure of a rotor for the generator of 
Fig.l; 

Fig. 3 is a sectional view showing a second embod- 
iment of the structure of a rotor for the generator of 
Fig. 1; 

Fig. 4 is a schematic diagram describing a step of 
manufacturing the rotor of Fig. 2; 
Fig. 5 is a sectional view showing a second example 
of a generator in which the structure of a rotor ac- 
cording to the present invention is incorporated; 
Fig. 6 is a schematic diagram describing a method 
of manufacturing the rotor of Fig. 5; 
Fig. 7 is a sectional view showing a third example 
of a generator in which the structure of a rotor ac- 
cording to the present invention is incorporated; 
Fig. 8 is a sectional view showing the generator of 
Fig. 7 and taken along the line A-A therein; 
Fig. 9 is a sectional view showing a fourth example 



of a generator in which the structure of a rotor ac- 
cording to the present invention is incorporated; 
Fig. 10 is a sectional view showing the generator of 
Fig. 9 and taken along the line B-B therein; and 
5 Fig. 11 is an enlarged sectional view showing the 
portions of the rotor of Fig. 9 which are in the vicinity 
of fins and stoppers, and taken along the line C-C 
therein. 

10 The embodiments of the structure of a rotor for gen- 
erators according to the present invention and a method 
of manufacturing the same will now be described with 
reference to the drawings. 

First, a first example of a generator in which the ro- 

is tor according to the present invention is incorporated will 
be described with reference to Figs. 1-4. 

A first example of a generator in which the structure 
of a rotor is incorporated has mainly a rotary shaft 2 sup- 
ported rotatably on a case 1 , which comprises a pair of 

20 housings 1A, 1B, via a pair of bearings 8, a rotor 5 
mounted fixedly on the rotary shaft 2, and a stator 6 pro- 
vided around an outer circumference of the rotor 5 and 
fixed to the case 1 with a clearance formed between the 
stator 6 and rotor 5. The rotor 5 is engaged at one end 

2S thereof with a stopper 9 mounted on the rotary shaft 2, 
and fixed at the other end to the rotary shaft 2 by a lock- 
ing nut 1 0 screwed to the rotary shaft 2. A transmission 
gear 1 1 is mounted fixedly on one end of the rotary shaft 
2, and an input or output gear 12 is meshed with the 

30 transmission gear 11 . The stator 6 is formed by winding 
a stator coil 7 around thin laminated plates. For exam- 
ple, when the gear 12 is connected to an output shaft of 
an engine, the rotational force of the engine is transmit- 
ted to the rotary shaft 2 of the generator, and power is 

35 produced by the generator. 

The rotor 5 comprises, especially, cylindrically ar- 
ranged members 3 formed of permanent magnets, and 
an outer cylinder 4 provided on outer circumferences of 
the cylindricaJly arranged members 3, and formed as a 

40 reinforcement member comprising windings of long car- 
bon fibers, this structure being provided with a resin ma- 
terial (plastic), a nonmagnetic material on the outer sur- 
face thereof and characterized in that the structure can 
be ground easily with a high accuracy. 

4S As shown in Fig. 2 or 3, the rotor 5 comprises cylin- 
drically arranged members 3 formed by assembling 
segmental members 3A or 3B, which are formed of per- 
manent magnets, cylindrically, an outer cylinder 4 
formed by solidifying carbon fibers, which are wound 

so around outer circumferences of the cylindrically ar- 
ranged members 3, with a resin material, an inner cyl- 
inder 13 provided on inner circumferences of the cylin- 
drically arranged members 3 and comprising a carbon 
fiber-containing resin material, and boundary members 

55 14 interposed between adjacent segmental members 
3A or 3B and comprising carbon fiber-containing resin 
material. The resin material contained in the inner cyl- 
inder 13 and boundary members 14 can comprise the 
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same plastic, i.e. resin material as is contained in the 
outer cylinder 4 

A first example of the cylindrically arranged mem- 
bers 3 comprising two divisional portions is shown in Fig. 
2, and a second example thereof comprising three divi- 
sional portions in Fig. 3. The cylindrically arranged 
members 3 may also comprise not less than four divi- 
sional portions. The shape and size of the divisional por- 
tions may not be equal, i.e., these members 3 may be 
divided unequally. 

The resin material constituting the inner cylinder 13 
positioned on the inner circumferences of the segmental 
members 3A, 3B and boundary members 14 positioned 
between adjacent segmental members 3A, 3B contains 
a ceramic fiber material mixed therein, which has a high 
heat conductivity, and which comprises AIN and SiC, so 
as to improve the strength and heat conductivity of the 
material. The aluminum or an alloy thereof is fused to 
boundary portions between the outer cylinder 4 and cy- 
lindrically arranged members 3, and between the cylin- 
drically arranged members 3 and inner cylinder 13, 
whereby the two parts on both sides of the boundary 
portions are fixed to each other firmly with the radiation 
of heat promoted excellently. The inner cylinder 1 3 and 
the boundary members 14 further contain iron powder 
so as to increase the permeability thereof. 

The outer cylinder 4, inner cylinder 1 3 and boundary 
members 1 4 which constitute the rotor 5 have thickness- 
es at least not less than that of a grinding margin com- 
prising a resin material. Similarly, when an aluminum 
material is used for the outer cylinder 4, it has a thick- 
ness at least not less than that of a grinding margin com- 
prising aluminum. Accordingly, the segmental members 
3A, 3B can be ground to predetermined sizes easily and 
speedily with a high -precision, and high -precis ion cylin- 
drically arranged members 3 can be made by assem- 
bling the segmental members 3A, 3B. Not only the outer 
cylinder 4 of the rotor 5 but also the inner cylinder 13 
thereof can be cut to predetermined sizes easily and 
speedily with a high-precision, and a high-precision ro- 
tor 5 can thereby be formed. Therefore., this structure of 
a rotor for generators enables the manufacturing cost to 
be greatly reduced. 

A method of manufacturing this structure of a rotor 
for generators will now be described with reference to 
Fig. 4. First, magnetic powder containing elements, 
such as iron, neo-dymium, samarium and cobalt is 
packed in a mold comprising semicircular or fan-shaped 
segments, and the powder is then compression molded 
at a high temperature and thereby solidified to form a 
molded body, which is then sintered while applying 
thereto a magnetic field so that magnetic poles can oc- 
cur in a predetermined direction of the molded body, 
whereby the lines of magnetic force are set in order. Dur- 
ing this time, the molded bodies in the segments are set 
to the shapes substantially identical with predetermined 
shapes prior to a sintering operation so that the molded 
bodies have high-precision final shapes. The segmental 



members 3A, 3B of sintered bodies of permanent mag- 
nets are then taken out of the mold. 

A thin-walled outer cylinder 4 is made as a sintered 
body reinforcing member by winding up long carbon fib- 

s ers and solidifying the resultant product with a resin ma- 
terial. The thin-walled outer cylinder 4 is placed in a gyp- 
sum mold comprising a core 20 and an outer mold mem- 
ber 21, and segmental members 3A, 3B of permanent 
magnets are then fitted in the thin-walled outer cylinder 

10 4 so that clearances are formed between the segmental 
members 3A, 3B and core 20 and between adjacent 
segmental members 3A, 3B. 

A lid 17 is put on the gypsum mold comprising the 
core 20 and outer mold member 21 , and fixed thereto 

is by bolts 1 8. A mixed material containing a resin material 
and carbon fibers is supplied from a high-pressure tank 
15 to the clearances between the segmental members 
3A, 3B and core 20 and between adjacent segmental 
members 3A, 3B through a supply passage 16 formed 

20 in the lid 1 7, to fill the clearances therewith, and the resin 
material is solidified. During this time, the resin material 
in the mixed material from the high-pressure tank per- 
meates into the thin-walled outer cylinder 4 as well 
through the clearances between the segmental mem- 

25 bers 3A, 3B, and is united with the carbon fibers in the 
thin-walled outer cylinder 4. Thus, very strongly solidi- 
fied cylindrically arranged permanent magnets are 
formed. The solidified cylindrically arranged members 3 
are taken out from the gypsum mold, and the outer and 

30 inner circumferential surfaces of the outer cylinder 4 
forming the cylindrically arranged members 3 are 
ground to obtain the members 3 of permanent magnets. 

A second example of a generator in which the rotor 
according to the present invention is incorporated will 

35 now be described with relerence to Figs. 5 and 6. 

The generator in the second example has mainly a 
rotary shaft 32 supported rotatably on a case 31 , which 
comprises a pair of housings 31 A, 31 B, via a pair of 
bearings 38, a rotor 35 mounted fixedly on the rotary 

40 shaft 32, and a stator 36 provided around an outer cir- 
cumference of the rotor 35 and fixed to the case 31 with 
a clearance 49 formed between the stator 36 and rotor 
35. The rotor 35 is engaged at one end thereof with a 
stopper 39 mounted on the rotary shaft 32, and fixed at 

45 the other end to the rotary shaft 32 by a locking nut 40 
screwed to the rotary shaft 32. A transmission gear 41 
is mounted fixedly on one end of the rotary shaft 32, and 
an input or output gear 42 is meshed with the transmis- 
sion gear 41 . The stator 36 is formed by winding a stator 

50 coil 37 around thin laminated plates. For example, when 
the gear 42 is connected to an output shaft of an engine, 
the rotational force of the engine is transmitted to the 
rotary shaft 32 of the generator, and electric power is 
produced by the generator. 

55 The rotor 35 comprises cylindrically arranged mem- 
bers 33 formed of permanent magnets, and a thin- 
walled outer cylinder 34 provided around the outer cir- 
cumferences of the cylindrically arranged members 33 
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and comprising windings or woven cloths of carbon fib- 
ers or ceramic fibers. The cyiindrically arranged mem- 
bers 33 are formed by packing mixed magnetic powder 
of raw materials, such as iron, neodymium, samarium 
and cobalt in an outer cylinder 34 placed in a sintering 5 
mold, increasing the density of the powder by molding 
and solidifying the same, sintering the resultant molded 
bodies, and magnetizing the sintered bodies by applying 
a magnetic field of NS poles thereto. 

The outer cylinder 34 positioned on the outer cir- 10 
cumferences of the cyiindrically arranged members 33 
is formed out of a nonmagnetic material obtained by 
melting a plastic, i.e. a resin material and impregnating 
windings or woven cloths of carbon fibers or ceramic fib- 
ers with the molten resin material. This resin material is 
permeates into the whole of the windings, and can fix 
the windings so as to maintain the shape of the same. 
Accordingly, it becomes possible to grind the outer cir- 
cumferential surface of the outer cylinder 34, so that an 
outer surface of the rotor 35 can be ground with a high- 20 
precision. 

In order to improve the compatibility of the outer cyl- 
inder 34 and cyiindrically arranged members 33 to each 
other, a thin member of elastic carbon or graphite can 
be provided on the inner side of the outer cylinder 34. 25 
The resin material constituting the outer cylinder 34 con- 
tains a ceramic fiber material of a high heat conductivity, 
such as AIN and SiC so as to improve the strength and 
heat conductivity of the resin material. Aluminum or an 
alloy thereof can be permeated into the resin material 30 
constituting the outer cylinder 34. Iron powder can be 
mixed in the resin material so as to improve the perme- 
ability of the outer cylinder 34. 

A method of manufacturing the structure of a rotor 
incorporated in the generator of a second example will 3S 
now be described. 

This rotor manufacturing method has mainly the 
steps of forming a thin-walled cylindrical outer cylinder 
34 by winding up carbon fibers or ceramic fibers, placing 
the outer cylinder 34 in a mold formed of a nonmagnetic 40 
material and comprising an annular mold 43 and a core 
44 provided in the center of the annular mold, packing 
magnetic powder 33A of a raw material, such as iron 
and neodymium in a space on the inner side of the outer 
cylinder 31 , increasing the density of the magnetic pow- 45 
der 33A by pressure molding the same, and then ther- 
mally sintering the magnetic powder 33A while magnet- 
izing the same by applying a magnetic field 46 of NS 
poles in an oxygen free atmosphere comprising an inert 
gas and a N 2 gas, to turn the magnetic powder into cy- so 
lindrically a ranged members 33 of permanent magnets. 
This rotor manufacturing method has a step of perme- 
ating under pressure a resin material into a clearance, 
which occurs in boundary portions between the outer 
cylinder 34 and cyiindrically arranged members 33 of 55 
permanent magnets during the sintering of the magnetic 
powder. The resin material contains ceramic fibers of 
AIN and SiC of a high heat conductivity mixed therein, 



so as to improve the strength and heat conductivity 
thereof. 

In the second example, a thin-walled outer cylinder 
34 in which windings or woven cloths of carbon contin- 
uous fibers or ceramic fibers are solidified by a resin ma- 
terial is formed first as a member for reinforcing sintered 
bodies. The outer cylinder 34 is placed in a mold 43 con- 
stituting a sintering mold, and a core 44, which consti- 
tutes the sintering mold, in the outer cylinder 34, mag- 
netic powder 33A containing elements, such as iron, 
neodymium, samarium and cobalt being packed be- 
tween the outer cylinder 34 and core 44. A nitrogen gas 
48 is then sealed as an inert gas in the mold, and the 
magnetic powder is compression molded to obtain 
molded bodies, which are then sintered at a high tem- 
perature of , for example, 1300°Cby a heater 47, a mag- 
netic field 46 being applied to the molded bodies so that 
magnetic poles occur in a predetermined direction, 
whereby the lines of magnetic force are set in order, the 
molded bodies being thereby magnetized. The molded 
bodies are set to the shapes substantially identical with 
predetermined shapes prior to a sintering operation so 
that the molded bodies have high-precision final 
shapes. 

A resin material is supplied from a high-pressure 
tank provided above the mold 43 and core 44 and ca- 
pable of supplying a resin material to the mold. After the 
molded bodies of the magnetic powder 33A has been 
sintered, clearances occur in some parts of the interior 
of the mold, i.e.. between the outer cylinder 34 and sin- 
tered bodies. A molten resin material supplied from the 
high-pressure tank is then permeated into the clearanc- 
es occurring in boundary portions between the outer cyl- 
inder 34 and cyiindrically arranged members 33 of sin- 
tered bodies, and the molten resin material permeated 
into the clearances is solidified. During this time, the res- 
in material from the high-pressure tank permeates into 
the clearances in the windings or woven cloths of carbon 
fibers or ceramic fibers of the outer cylinder 34 as well, 
whereby the fixed condition of the outer cylinder 34 and 
permanent magnets of the cyiindrically arranged mem- 
bers 33 is rendered stable and strong. 

A third example of a generator in which the rotor 
according to the present invention will now be described 
with reference to Figs. 7 and 8. 

When, for example, a rotary shaft 52 of the gener- 
ator of a third example is connected to an output shaft 
of an engine of a cogeneration system, or an engine of 
a hybrid car provided with both a motor-generator and 
an engine, the rotational force of the engine is transmit- 
ted to the generator, and electric power is produced by 
the generator. Accordingly, a large -sized generator can 
be formed. 

The generator of the third example has a large-di- 
ameter rotary shaft 52 supported rotatably on a housing 
51, which comprises a pair of housing members 51 A, 
51 B, via a pair of bearings 63, a rotor comprising per- 
manent magnets mounted fixedly on the rotary shaft 52, 
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i.e. a rotor 55, and a stator 56 provided around an outer 
circumference of the rotor 55 and fixed to the housing 
51 with a clearance 65 formed between the stator 56 
and rotor 55. The rotor 55 is engaged at one end thereof 
with a stopper 61 mounted on the rotary shaft 52, and 
fixed at the other end thereof to the rotary shaft 52 via 
a backplate 62 by a lock nut. 60 screwed to a threaded 
portion 64 of the rotary shaft 52. For example, a trans- 
mission gear is mounted fixedly on one end of the rotary 
shaft 52, and a gear mounted on a shaft, such as an 
output shaft of an engine is meshed with this transmis- 
sion gear. The stator 56 is formed by winding a stator 
coil 57 around thin laminated plates. 

The generator of the third example is characterized 
by the structure of the rotor 55 mounted fixedly on the 
rotary shaft 52, especially, by the structure of large-di- 
ameter cylindrical porous member 58 fixedly mounted 
on the rotary shaft 52, the structure of large-diameter 
cylindrically arranged permanent magnets and a fixing 
structure between the permanent magnets and rotary 
shaft 52. 

The rotor 55 comprises cross-sectionaliy nearly 
rectangular slightly curved segmental members 66 of 
permanent magnets, cylindrical ly arranged members 53 
provided between the segmental members 66 and 
formed of a resin material 67, a reinforcement member 
54 provided around outer circumferences of the cylin- 
drical^ arranged members 53 and comprising a non- 
magnetic material reinforcing the same members 53, a 
cylindrical laminated member 59 provided on the inner 
side of the cylindricaJly arranged members 53 and com- 
prising a permeable material, and cylindrical porous 
member 58 provided on the inner side of the cylindrical 
laminated member 59, mounted fixedly on the rotary 
shaft 52 and impregnated with a resin material. The cy- 
lindrical laminated member 59 is formed by laminating 
a plurality of permeable silicon steel plates in the axial 
direction on the inner circumferential side of the seg- 
mental members of permanent magnets. This enables 
a generator having a low resistance of a magnetic flux 
passage, capable of preventing the occurrence of an ed- 
dy electric current and having a high output to be 
formed. 

The reinforcement member 54 can be made by so- 
lidifying nonmagnetic carbon fibers or ceramic fibers by 
a resin material. The reinforcement member 54 is 
formed of windings obtained by winding up long carbon 
fibers, and can be finished by solidifying the windings 
by a resin material, the resultant reinforcement member 
54 being provided on the outer circumferences of the 
cylindrically arranged members 53 of permanent mag- 
nets, whereby the cylindrically arranged members 53 
can be reinforced strongly. The reinforcement member 
54 can also be formed of a cylindrical member of non- 
magnetic stainless steel. In this case, the reinforcement 
member 54 and cylindrically arranged members 53 can 
be united firmly by injecting a resin material into the 
clearances therebetween. 
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The resin material 67 provided between the seg- 
mental members 66 of permanent magnets constituting 
the rotor 55 can contain ceramic fibers or carbon fibers 
of a high heat conductivity so as to improve the strength 

s and heat conductivity thereof. The ceramic fibers of a 
high heat conductivity, such as AIN and SiC can also be 
mixed in the ceramic material 67 so as to improve the 
strength and heat conductivity thereof. The resin mate- 
rial with which the cylindrical porous member 58 is im- 

io pregnated contains iron powder so as to improve the 
permeability thereof. The resin material 67 provided be- 
tween the segmental members 66 and the resin material 
with which the cylindrical porous member 58 is impreg- 
nated can comprise the same material. 

75 When electric power is generated by rotating the ro- 
tor 55, the generated power increases in proportion to 
the rotational frequency thereof, and the centrifugal 
force of the rotor also increases accordingly. Since the 
structure of this rotor is formed as described above, it 

20 can be applied to a generator having a large-sized rotor 
of, for example, not less than 100 mm in diameter and 
sufficiently withstand a large centrifugal force occurring 
during an operation of the generator, so that the rotor 
can be rotated in a well-balanced condition. Unless the 

25 permanent magnets constituting the rotor 55 are formed 
to minimum sizes when the rotor 55 is applied to a large- 
sized generator, the manufacturing cost increases. 
However, the permanent magnet of the rotor 55 com- 
prises a plurality of segmental members 66, so that the 

30 rotor meets the requirements satisfactorily and can be 
manufactured at a low cost. 

In the rotor 55, the reinforcement member 54 com- 
prising nonmagnetic stainless steel, ceramic fibers or 
carbon fibers is provided around outer circumferences 

35 of the cylindrically arranged members 53 of permanent 
magnets so as to increase the strength of the permanent 
magnets, i.e. cylindrically arranged members 53, so that 
the breakage of the rotor due to the centrifugal force 
thereof occurring when the rotor is rotated at a high 

40 speed can be prevented. The cylindrically arranged 
members 53 can also be fitted in grooves provided in 
the cylindrical laminated members 59 comprising a plu- 
rality of cylindrical silicon steel plates of a high perme- 
ability, and the resultant product can be fitted and fixed 

45 jn a stainless steel cylinder constituting the reinforce- 
ment member 54. 

On the inner side of the cylindrical laminated mem- 
bers 59 comprising a plurality of silicon steel plates, cy- 
lindrical porous member 58 comprising a ceramic ma- 

50 terial or a metal is provided. Therefore, the rotor as a 
whole can be formed to a large diameter, and the rigidity 
and strength thereof are improved. The cylindrical po- 
rous member 58 is mounted on the rotary shaft 52, and 
a shaft, which comprises the cylindrical porous member 

55 58 and rotary shaft 52 can be formed to a large diameter 
but the weight of the shaft as a whole can be set to a 
low level since a resin material is injected into the cylin- 
drical porous member 58. The rotor 55 is completed by 
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injecting a resin material into clearances in the reinforce- 
ment member 54 ot a stainless steel cylinder, clearanc- 
es between the segmental members 66 of permanent 
magnets and clearances in the cylindrical porous mem- 
ber 58. 5 

Since the rotor 55 is formed as described above, 
the rigidity thereof as a whole becomes very high, and 
the rotor can be formed to small weight, and becomes 
able to withstand a high-speed rotation sufficiently and 
obtain a high output. 10 

A method of manufacturing permanent magnets 
constituting the rotor 55 will now be described. 

In order to produce the segmental members 66 of 
permanent magnets, magnetic powder containing ele- 
ments, such as iron, neodymium, samarium and cobalt is 
is packed in a mold comprising semicircular or fan- 
shaped segments, and the resultant powder is solidified 
by compression molding the same at a high temperature 
to obtain molded bodies, which are then sintered while 
applying thereto a magnetic field so that magnetic poles 20 
occur in a predetermined direction, whereby lines of 
magnetic force are set in order. During this time, the 
molded bodies in the segments are set to shapes sub- 
stantially identical with predetermined shapes prior to a 
sintering operation so that the molded bodies have high- 2S 
precision final shapes. The segmental members 66 of 
sintered permanent magnets are then taken out of the 
mold 

A thin-walled outer cylinder is made by winding up 
long carbon fibers and solidifying the windings by a resin 30 
material, as a member for reinforcing the sintered bod- 
ies. The thin-walled outer cylinder is then placed in a 
gypsum mold comprising a core and an outer mold 
member, and the segmental members 66 of permanent 
magnets are then fitted in an inner side of the thin-walled 35 
outer cylinder with clearances formed between the seg- 
mental members 66 and core and between adjacent 
segmental members 66. A lid is then placed and fixed 
on an upper portion of the gypsum mold comprising the 
core and outer mold member. 40 

A resin material 67 for a mixed material in which 
carbon fibers are contained in a resin is supplied from 
a high-pressure tank into the clearances between the 
segmental members 66 and core and between adjacent 
segmental members 66 through a supply passage *s 
formed in the lid, and packed therein. The resin material 
67 is thus buried in these clearances and solidified. Dur- 
ing this time, the resin material 67 in the mixed material 
from the high-pressure tank is permeated into the thin- 
walled outer cylinder through the clearances between so 
the segmental members 66, and united with the carbon 
fibers of the thin-walled outer cylinder, whereby the very 
strongly fixed cylindrical ly arranged members 53 com- 
prising permanent magnets are formed. The solidified 
cylindrically arranged members 53 are then taken out 55 
from the gypsum mold. The cylindrical laminated mem- 
bers 59 of a permeable material are then fitted in the 
inner side of the cylindrically arranged members 53 as 



mentioned above, and the cylindrical porous member 
58 in the inner side of the cylindrical laminated members 
59. The cylindrical porous member 58 is impregnated 
with a resin material to complete the rotor 55. The cylin- 
drical porous member 58 of the rotor 55 is fitted around 
the rotary shaft 52, and the tightening nut 60 is screwed 
to the threaded portion 64 of the rotary shaft 52, whereby 
a generator can be assembled. 

A fourth example of a generator in which the rotor 
according to the present invention is incorporated will 
now be described with reference to Figs. 9-11 . 

When the generator of the fourth example is con- 
nected at, for example, a rotary shaft 72 thereof to an 
output shaft of an engine of a cogeneration system or 
an engine of a hybrid car directly or via a transmission 
means, the rotational force of the engine is transmitted 
to the generator to have the generator produce electric 
power, whereby a large-sized generator can be formed. 

The generator of the fourth example has mainly a 
rotary shaft 72 of a large diameter supported ro tat ably 
on a housing 71, which comprises a housing member 
71 A provided with through ports 91 in an end wall there- 
of, and a housing member 71 B provided with through 
ports 92 in an outer circumferential wall thereof, via a 
pair of bearings 83, a rotor comprising permanent mag- 
nets mounted fixedly on the rotary shaft 72, i.e. a rotor 
75, and a stator 76 provided around an outer circumfer- 
ence of the rotor 73 and fixed to the housing 71 with a 
clearance 85 formed between the stator 76 and rotor 75. 

In the fourth example, a loss decreases, and an out- 
put increases as the width of the clearance 85 between 
the rotor 75 and stator 76 decreases. The rotor 75 is 
engaged at one end thereof with a stopper 81 of a non- 
magnetic material mounted on the rotary shaft 72 and 
provided with a through port 81 a, and fixed at the other 
end thereof to the rotary shaft 72 by a lock nut 80 
screwed to a threaded portion 84 of the rotary shaft 72, 
via a backplate 82 provided with a through port 82a. For 
example, a transmission gear (not shown) is mounted 
fixedly on one end of the rotary shaft 72, and a gear 
mounted on a shaft, such as an output shaft of an engine 
is meshed with the transmission gear. The stator 76 is 
formed by winding stator coils 77 around thin laminated 
plates. 

The generator of the fourth example is character- 
ized by the structure of the rotor 75 mounted fixedly on 
the rotary shaft 72, a structure provided with a cooling 
means, the structure of the permanent magnets of a 
large diameter cylindrically arranged and fixedly mount- 
ed on the large-diameter rotary shaft 72, and a fixing 
structure between the permanent magnets and rotary 
shaft 72. 

The rotor 75 comprises cylindrically arranged mem- 
bers 73 obtained by assembling together c ross -sect ion - 
ally substantially rectangular, somewhat curved seg- 
mental members 86 formed of permanent magnets, and 
connecting members 87 provided between the segmen- 
tal members 86 and formed out of a metal or a resin 
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material; a reinforcement member 74 of a nonmagnetic 
material provided around the outer circumferences of 
the cylindrically arranged members 73 and reinforcing 
the same members 73; cylindrically arranged laminated 
members 79 provided on the inner side of the cylindri- s 
cally arranged members 73 and formed out of a perme- 
able material; a cylindrical porous member 78 of a hon- 
eycomb structure provided on the inner side of the cy- 
lindrically arranged laminated members 79 and mount- 
ed fixedly on the rotary shaft 72; and a cooling fan 88 io 
adapted to cool the cylindrical members 73, 78, 79 with 
an air current and mounted on the rotary shaft 72. 

The cooling fan 88 comprising a centrifugal fan is 
mounted on the rotary shaft 72 via support arms 94. A 
suction air current generated by the cooling fan 88 pro- is 
duces a flow of air advancing from one through port 91 
of the housing 71 and discharged to the other through 
port 92 of the housing 71 through air passages 78a of 
the cylindrical porous member 78. The stopper 81 
mounted on the portion of the rotary shaft 72 which cor- 20 
responds to an air current upstream side portion of the 
cooling fan 88 is provided with air current guiding fins 
89. The fins 89 can also be fixed to an extension portion 
of the segmental members 86 or cylindrical laminated 
members 79. The fins 89 comprise a material, such as 25 
an aluminum alloy, and are provided plurally so as to be 
spaced from one another in the circumferential direction 
of the stopper 81. The cylindrical laminated members 
79 are formed by laminating a plurality of cylindrical sil- 
icon steel plates of a permeable material in the axial di- 
rection, and have a low resistance of magnetic flux pas- 
sages, prevents the occurrence of an eddy electric cur- 
rent and can form a high output generator. 

The cylindrical porous member 78 is formed of a 
honeycomb structure of a metal or a resin material, and 
provided with reinforcement members 90 constituting 
ribs extending circumferential direction, and spaced 
from one another and extending radially and circumfer- 
entially with respect to the honeycomb structure 93. Ow- 
ing to the honeycomb structure, the cylindrical porous 
member 78 has a plurality of air ports 78a extending 
from one axial end thereof to the other. The reinforce- 
ment members 90 can be formed by injecting a molten 
ceramic material or an aluminum alloy (when silicon is 
contained therein, the strength of the material increas- 
es) into predetermined portions of the honeycomb struc- 
ture to produce ribs. For example, in order to make the 
cylindrical porous member 78, for example, fan-shaped 
honeycomb portions 93 are arranged cylindrically in a 
mold, and a molten aluminum alloy or a molten resin 
material can be injected into clearances between these 
honeycomb portions. In another example, the cylindrical 
porous member 78 are generally formed by a honey- 
comb structure, and sand is packed in the regions in 
which the air ports 78a are to be formed, molten alumi- 
num being injected into the other regions, whereby the 
reinforcement members 90 can be made. When the re- 
inforcement members 90 of the cylindrical porous mem- 



ber 78 are formed out of a resin material, iron powder 
can be contained in this material so as to improve the 
permeability thereof. 

The reinforcement member 74 can be formed by so- 
lidifying nonmagnetic carbon fibers or ceramic fibers by 
a resin material. During this time, the reinforcement 
member 74 is formed of windings of long carbon fibers 
which are solidified by a resin material. This reinforce- 
ment member 74 is provided around the cylindrically ar- 
ranged members 73 comprising permanent magnets, 
whereby the cylindrically arranged members 73 can be 
reinforced strongly. The reinforcement member 74 can 
also be formed by a cylindrical member of nonmagnetic 
stainless steel. In this case, a molten metal, such as mol- 
ten aluminum alloy or a resin material is injected into 
clearances between the reinforcement member 74 and 
cylindrically arranged members 73, and these members 
74, 73 can thereby be united together firmly. 

When the connecting members 87 provided be- 
tween the segmental members 86 of permanent mag- 
nets constituting the rotor 75 are formed out of a resin 
material, ceramic fibers or carbon fibers of a high heat 
conductivity can be mixed in the resin material so as to 
improve the strength and heat conductivity. The resin 
material of the connecting members 87 can also contain 
ceramic fibers of a high heat conductivity, such as AIN 
and SiC so as to improve the strength and heat conduc- 
tivity of the resin material. The connecting members 87 
provided between the segmental members 86 and rein- 
forcement members 90 inserted in the cylindrical porous 
member 78 can also be formed by injecting the same 
material, for example, a molten aluminum alloy into pre- 
determined clearances. 

When electric power is generated by revolving the 
rotor 75, the generated electric power increases in pro- 
portion to the rotation speed of the rotor and the cen- 
trifugal force of the rotor increases accordingly. Since 
the rotor 75 is formed as described above, it can be ap- 
plied to a generator having a large-sized rotor of, for ex- 
ample, not less than 100 mm in diameter, and withstand 
satisfactorily a large centrifugal force occurring therein, 
the rotor being able to be rotated in a well-balanced con- 
dition. The rotor 75 used in a large-sized generator 
causes the cost to increase unless the permanent mag- 
nets are formed to the smallest possible sizes. However, 
the permanent magnets of the rotor 75 according to the 
present invention comprise a large number of segmen- 
tal members 86, so that the rotor 75 sufficiently satisfies 
the requirements. 

The cylindrically arranged members 73 comprising 
permanent magnets constituting the rotor 75 are rein- 
forced by a reinforcement member 74 which is formed 
out of nonmagnetic stainless steel, ceramic fibers or car- 
bon fibers , and which is provided around the outer cir- 
cumferences of the cylindrically arranged members, so 
as to increase the strength of the permanent magnets, 
so that the breakage of the rotor 75 due to a centrifugal 
force thereof during a high-speed rotation thereof is pre- 
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vented. The cylindricaliy arranged members 73 can also 
be fitted in grooves, which are formed by grooving the 
cylindrical laminated members 79 comprising a large 
number of cylindrical silicon steel plates of a high per- 
meability, and the resultant product can be fitted and 
fixed in a SUS cylinder constituting the reinforcement 
member 74. 

On the inner side of the cylindrical laminated mem- 
bers comprising a large number of cylindrical silicon 
steel plates, the cylindrical porous member 78 of ceram- 
ic material or a metal is provided, and the strength of the 
rotor 75 as a whole is thereby increased. The molten 
aluminum or a resin material is injected into the clear- 
ance of the reinforcement member 74 of a SUS cylinder, 
clearances between the segmental members 86 of per- 
manent magnets, and hollows in which sand is not 
packed of the cylindrical porous member 78 to complete 
the rotor 75. 

Since the rotor 75 is formed as described above, 
the cooling fan 88 is rotated with the rotation of the rotary 
shaft 72, and sucks air from the rotor 75, so that the rotor 
75 is generally cooled with the air. This enables the oc- 
currence of demagnetization of the permanent magnets 
constituting the cylindricaliy arranged members 73 to be 
prevented, the rotor 75 to be formed to a very high rigid- 
ity and small weight, the rotor 75 to satisfactorily with- 
stand a high-speed rotation thereof, and a high output 
to be obtained. 

A method of manufacturing permanent magnets 
constituting the rotor 75 will now be described. For ex- 
ample, in order to produce the segmental members 86 
of permanent magnets, magnetic powder containing el- 
ements, such as iron, neodymium, samarium and cobatt 
is packed in a mold comprising semicircular or fan- 
shaped segments, and the resultant magnetic powder 
is compression molded and solidified at a high temper- 
ature to obtain molded bodies, which are sintered while 
applying a magnetic field thereto so that magnetic poles 
occur in a predetermined direction with the lines of mag- 
netic force set in order. During this time, the molded bod- 
ies of the segmental members are set to nearly prede- 
termined shapes prior to a sintering operation so that 
the segmental members have final high-precision 
shapes. The segmental members 86 of sintered bodies 
of permanent magnets are then taken out from the mold. 
A thin-walled outer cylinder is made as a member for 
reinforcing the sintered bodies by winding long carbon 
fibers, and solidifying the resultant windings by a resin 
material. This thin-walled outer cylinder is then placed 
in a gypsum mold comprising a core and an outer mold 
member, and the'segmental members 86 of permanent 
magnets are fitted in the thin-walled outer cylinder with 
clearances formed between the segmental members 86 
and core and between adjacent segmental members 
86. A lid is placed and fixed on the gypsum mold com- 
prising the core and outer mold member. 

A resin material for a mixed material in which carbon 
fibers are contained in a resin is supplied from a high- 



pressure tank into the clearances between the segmen- 
tal members 86 and core and between adjacent seg- 
mental members 86 through a supply passage formed 
in the lid, and packed therein. The resin material is thus 
5 buried in the clearances, solidified and turned into con- 
necting members 87. During this time, the resin material 
in the mixed material from the high-pressure tank is per- 
meated into the thin-walled outer cylinder as well and 
united with the carbon fibers of the thin-walled outer cyl- 
10 inder, whereby the very strongly fixed cylindricaliy ar- 
ranged members 73 comprising permanent magnets 
are formed. The solidified cylindricaliy arranged mem- 
bers 73 are then taken out from the gypsum mold. The 
cylindrical laminated members 79 of a permeable ma- 
ts terial are then fitted in the inner side of the cylindricaliy 
arranged members 73 as mentioned above, and the cy- 
lindrical porous member 78 having air passages 78a in 
the inner side of the cylindrical laminated members 79 
to complete the rotor 75. The cylindrical porous member 
20 78 of the rotor 75 is fitted around the rotary shaft 72, and 
the lock nut 80 is screwed to the threaded portion 84 of 
the rotary shaft 72, whereby a generator is assembled. 



25 Claims 

1. A structure of a rotor for a generator comprising a 
rotary shaft supported rotatably on housings, a rotor 
comprising permanent magnets mounted on said 

30 housings, and a stator provided around an outer cir- 
cumference of said rotor and fixed to said housings, 
said rotor being formed of cylindricaliy arranged 
members comprising permanent magnets, an outer 
cylinder provided around outer circumferences of 

35 said cylindricaliy arranged members and compris- 
ing windings or woven cloths of fibers, and 
machinable nonmagnetic material packed in a 
clearance between said cylindricaliy arranged 
members and said outer cylinder and clearances 

40 among said fibers. 

2. A structure of a rotor for a generator according to 
Claim 1, wherein said nonmagnetic material com- 
prises a resin or a metal 

45 

3. A structure of a rotor for a generator according to 
Claim 1, wherein said cylindricaliy arranged mem- 
bers are formed of segmental members comprising 
permanent magnets, an inner cylinder comprising 

50 a resin material being provided on an inner circum- 
ference of said cylindricaliy arranged members, a 
resin material constituting said nonmagnetic mate- 
rial being interposed between said segmental mem- 
bers. 

55 

4. A structure of a rotor for a generator according to 
Claim 3, wherein said windings constituting said 
outer cylinder are solidified by a resin material con- 
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stituting said nonmagnetic material. 

5. A structure of a rotor for a generator according to 
Claim 3, wherein ceramic fibers or carbon fibers of 
a high heat conductivity are mixed in said resin ma- 
terial so as to improve the strength and heat con- 
ductivity thereof. 

6. A structure of a rotor for a generator according to 
Claim 3, wherein the aluminum or an alloy thereof 
is fused to boundary portions between said outer 
cylinder and said cylindricaily arranged members 
and boundary portions between said cylindricaily 
arranged members and said inner cylinder, said 
outer cylinder being reinforced with windings of ce- 
ramic fibers. 

7. A structure of a rotor for a generator according to 
Claim 6, wherein said inner cylinder and said 
boundary portions contain iron powder so as to im- 
prove the permeability thereof. 

8. A structure of a rotor for a generator according to 
Claim 3, wherein said outer cylinder, said inner cyl- 
inder and said boundary portions contain a resin 
material, and have resin portions of a thickness not 
smaller than that of grinding margins. 

9. A structure of a rotor for a generator according to 
Claim 3, wherein said outer cylinder comprises an 
aluminum material, and has an aluminum portion of 
a thickness not smaller than that of a grinding mar- 
gin. 

10. A structure of a rotor for a generator according to 
Claim 1, wherein said windings constituting said 
outer cylinder are formed of carbon fibers or ceram- 
ic fibers, said permanent magnets constituting said 
cylindricaily arranged members being formed by 
molding and solidifying mixed powder of materials 
including at least iron, neodymium, samarium and 
cobalt, sintering the resultant product, and magnet- 
izing the sintered product. 

11. A structure of a rotor for a generator according to 
Claim 10, wherein said outer cylinder is formed by 
melting a resin material and impregnating windings 
or woven cloths of carbon fibers or ceramic fibers 
with the resultant molten resin material. 

12. A structure of a rotor for a generator according to 
Claim 11 , wherein said cylindricaily arranged mem- 
bers comprising permanent magnets are sealed in 
said outer cylinder comprising windings or woven 
cloths of ceramic fibers. 

13. A structure of a rotor for a generator according to 
Claim 11, wherein a thin-walled member of elastic 



carbon or graphite is provided on an inner side of 
said outer cylinder so as to improve the compatibil- 
ity of said outer cylinder and said cylindricaily ar- 
ranged members with each other. 

5 

14. A structure of a rotor for a generator according to 
Claim 1, wherein cylindrical laminated members 
comprising a permeable material is provided on an 
inner side of said cylindricaily arranged members, 
io a cylindrical porous member mounted fixedly on 
said rotary shaft and comprising a resin material- 
impregnated nonmagnetic structural material on an 
inner side of said cylindrical laminated members. 

is 15. A structure of a rotor for a generator according to 
Claim 1 4, wherein said permanent magnets consti- 
tuting said cylindricaily arranged members are 
formed by cylindricaily arranging cross-sectionally 
nearly rectangular fan-shaped segmental mem- 

20 bers, said segmental members being set as alter- 
nating NS poles, said nonmagnetic material being 
provided between adjacent segmental members. 

16. A structure of a rotor for a generator according to 
25 Claim 1 4, wherein said reinforcement member con- 
stituting said outer cylinder is formed by solidifying 
carbon fibers or ceramic fibers with a resin material. 

17. A structure of a rotor for a generator according to 
30 Claim 14, wherein said reinforcement member con- 
stituting said outer cylinder is formed out of non- 
magnetic stainless steel into wires or a thin plate. 

18. A structure of a rotor for a generator according to 
35 Claim 1 4, wherein said cylindrical laminated mem- 
bers are formed by laminating cylindrical silicon 
steel plates in the axial direction thereol. 

19. A structure of a rotor for a generator according to 
40 Claim 14, wherein said resin material contains ce- 
ramic fibers or carbon fibers mixed therein so as to 
improve the strength and heat conductivity thereof. 

20. A structure of a rotor for a generator according to 
45 Claim 14, wherein said cylindrical porous member 

comprises stainless steel or aluminum, or a non- 
magnetic ceramic material, such as alumina or sil- 
icon nitride, porous portions thereof being impreg- 
nated with a nonmagnetic resin. 

so 

21. A structure of a rotor for a generator according to 
Claim 1 , wherein said housings are provided with 
through ports through which cooling air passes, 
said cylindricaily arranged members comprising 

55 segmental members formed of permanent magnets 
combined together cylindricaily, said rotor being 
provided with cylindrical laminated permeable 
members disposed on an inner side of said cylindri- 
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cally arranged members, a cylindrical porous mem- 
ber disposed on an inner side of said cylindrical lam- 
inated members, mounted fixedly on said rotary 
shaft, having air ports extending from one end 
thereol to the other and comprising a nonmagnetic s 
material, and a cooling fan mounted on said rotary 
shaft so as to cool said cylindrically arranged mem- 
bers with an air current. 

22. A structure of a rotor for a generator according to to 
Claim 21 , wherein said permanent magnets consti- 
tuting said cylindrically arranged members are 
formed by cylindrically arranging cross-sectionally 
nearly rectangular fan-shaped segmental mem- 
bers, said segmental members being set as alter- is 
nating NS poles, nonmagnetic materials being pro- 
vided between adjacent segmental members. 

23. A structure of a rotor for a generator according to 
Claim 21 , wherein said cooling fan comprises a cen- 20 
trifugal fan, whereby an air current is generated 
which flows from said ports in one end of said hous- 
ings to said ports in the other through said air ports 

in said cylindrical porous member. 

24. A structure of a rotor for a generator according to 
Claim 23, wherein said rotary shaft is provided on 
the portion thereof which is on the air current up- 
stream side of said centrifugal fan with fins for guid- 
ing said air current to extension portions of said seg- 30 
mental members or said cylindrical laminated mem- 
bers. 

25. A structure of a rotor for a generator according to 
Claim 21 , wherein said cylindrical porous member 35 
is formed of honeycomb portions constituting said 

air ports, and reinforcement portions comprising a 
metal or a resin material extending circumf erentially 
in part and radially so as to reinforce said honey- 
comb portions. 40 

26. A structure of a rotor for a generator according to 
Claim 21 , wherein said reinforcement portions com- 
prise outer cylinders formed by solidifying nonmag- 
netic carbon fibers or ceramic fibers with a resin ma- 
terial, or outer cylinders comprising windings of wire 
rods of nonmagnetic stainless steel or plate mem- 
bers of nonmagnetic stainless steel. 

27. A structure of a rotor for a generator according to so 
Claim 21, wherein said cylindrical laminated mem- 
bers are formed by laminating cylindrical silicon 
steel plates in the axial direction thereof. 

28. A structure of a rotor for a generator according to 55 
Claim 21 , wherein, in order to form a material insert- 
ed between said segmental members constituting 
said cylindrically arranged members of a resin ma- 



terial, ceramic fibers or carbon fibers of a high heat 
conductivity are mixed therein so as to improve the 
strength and heat conductivity of said resin materi- 
al. 

29. A structure of a rotor for a generator according to 
Claim 21, wherein said clearances between said 
segmental members constituting said rotor and the 
reinforcement portions of said cylindrical porous 
member have structures formed by pouring molten 
aluminum thereinto and solidifying the same. 

30. A method of manufacturing a rotor for a generator, 
comprising the steps of forming a thin-walled outer 
cylinder comprising windings or woven cloths by 
winding up carbon fibers or ceramic fibers, placing 
said outer cylinder in an annular sintering mold, 
packing magnetic powder of at least iron and neo- 
dymium on the inner side of said outer cylinder, 
pressure molding said magnetic powder, and turn- 
ing said magnetic powder into permanent magnets 
by thermally sintering said magnetic powder while 
magnetizing the same in an oxygen free atmos- 
phere. 

31. A method of manufacturing a rotor for a generator 
according to Claim 30, wherein a resin material is 
permeated underpressure in clearances, which oc- 
cur in boundary portions of said permanent mag- 
nets including said outer cylinder, during the sinter- 
ing of said magnetic powder, and clearances be- 
tween said fibers. 

32. A method of manufacturing a rotor for a generator 
according to Claim 30, wherein said resin material 
contains ceramic fibers of a high heat conductivity 
mixed therein so as to in crease the strength and 
heat conductivity thereof. 



14 



EP 0 854 558 A2 




FIG. 2 




15 



EP 0 854 558 A2 



FIG. 3 



3B 




FIG. 4 




13 



16 



EP 0 854 558 A2 





17 



EP 0 854 558 A2 




18 



EP 0 854 558 A2 



FIG. 9 



71B 



b l % V 73 ,™ /7 7 

ZZZZ7\ 91 




88 



77 B-J 85 * 76 73(86.87) 



F/G. /O 



78(78a,93) 79 
75 




87 / 
78(78a,93) 



71(71A,71B) 



90 



78 (78a. 93) 



19 



EP 0 854 558 A2 



FIG. 11 




20 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

12.07.2000 Bulletin 2000/28 

(43) Date of publication A2: 

22.07.1998 Bulletin 1998/30 

(21) Application number: 98300331.0 

(22) Date of filing: 19.01.1998 



(H) EP 0 854 558 A3 

EUROPEAN PATENT APPLICATION 

(51) lntci7: H02K 1/27, H02K 15/03 



(84) Designated Contracting States: 


(71) Applicant: ISUZU CERAMICS RESEARCH 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


INSTITUTE CO., LTD. 


NL PTSE 


Fujisawa-shi, Kanagawa-ken (JP) 


Designated Extension States: 




AL LT LV MK RO SI 


(72) Inventor: Kawamura, Hideo 




Kouza-gun, Kanagawa-ken 253-01 (JP) 


(30) Priority: 21.01.1997 JP 2093797 




21.01.1997 JP 2093897 


(74) Representative: Jenkins, Peter David et al 


03.03.1997 JP 6171797 


PAGE WHITE & FARRER 


04.03.1997 JP 6397897 


54 Doughty Street 




London WC1 N 2LS (GB) 



(54) Structure of a rotor for generators and method of manufacturing the same rotor 



(57) The present invention provides a structure of a 
rotor for a generator in which a rotor capable of being 
ground very easily with a high accuracy is incorporated. 
This structure of a rotor comprises a rotor mounted fix- 
edly on a rotary shaft supported rotatably on housings. 
The rotor comprises cylindrical ly arranged members in 
which segmental members of permanent magnets are 



assembled together cylindricaliy, and an outer cylinder 
provided on an outer circumference of the cylindricaliy 
arranged members and comprising windings or woven 
cloths of fibers. A resin material capable of being ground 
is packed in clearances between the cylindricaliy ar- 
ranged members and outer cylinder and in the clearanc- 
es in the outer cylinder 




lVvISDOCID <E P 0854558A3J_> 



EP 0 854 558 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 30 0331 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation oi document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (IntCtS) 



A 
X 



PATENT ABSTRACTS OF JAPAN 

vol. 017, no. 245 (E-1365), 

17 May 1993 (1993-05-17) 

-& JP 04 368440 A (AICHI EMERSON ELECTRIC 

CO LTD), 21 December 1992 (1992-12-21) 

* abstract; figures * 



PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 470 (E-1139), 

28 November 1991 (1991-11-28) 

-& JP 03 203540 A (ISUZU MOTORS LTD), 

5 September 1991 (1991-09-05) 

* abstract; figure 2 * 

PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 204 (E-1071), 

24 May 1991 (1991-05-24) 

-& JP 03 056049 A (ISUZU MOTORS LTD), 

11 March 1991 (1991-03-11) 

* abstract * 

US 4 633 113 A (PATEL NAVINCHANDRA R) 
30 December 1986 (1986-12-30) 

* column 5, line 34 - column 6, line 28; 
figures * 

PATENT ABSTRACTS OF JAPAN 
vol. 010, no. 244 (E-430), 
22 August 1986 (1986-08-22) 
-& JP 61 073559 A (HITACHI LTD), 
15 April 1986 (1986-04-15) 

* abstract * 



1,2 



3,4,8, 

10-12 

14,21 

3,4,8 



H02K1/27 
H02K15/03 
HQ2K9/06 
HG2K1/32 



10-12 



TECHNICAL FIELDS 
SEARCHED (tat CHS) 



1,2 



H02K 



-/- 



The present search report has been drawn up for all claims 



a 

to 

s 

r> 

2 

2 

e 



THE HAGUE 



Dale ot completion of the seareto 

24 May 2000 



Zanichelli, F 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant rf taken afcvw* 

Y : parti cu tarty relevant rf corntaned with another 

document oi the SAmc category 
A : technological backgrrurd 
O : n©n -written tfsciosure 
P : irrter-nediate cocumen: 



T ineery or pnndpi* underlying the Invention 
E : earlier patent document, but pcfc&shed cn. or 
After the Sing dMe 

D : document cited in the application 
L : document ched tor other reasons 



& : t ember ot the same patent fam+y, corresponding 
docLment 



2 



EP 0 854 558 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application 

EP 98 30 0331 



DOCUMENT? " CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, 
of relevant nassanjfts 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION flnLCLS) 



PATENT ABSTRACTS OF JAPAN 

vol. 1997, no, 01, 

31 January 1997 (1997-01-31) 

-& JP 08 242349 A (MEIDENSHA CORP), 

17 September 1996 (1996-09-17) 

* abstract * 

GB 2 302 455 A (URENC0) 

15 January 1997 (1997-01-15) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 013, no. 496 (E-843), 
9 November 1989 (1989-11-09) 
-& JP 01 198261 A (KUBOTA LTD), 
9 August 1989 (1989-08-09) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 013, no. 558 (E-858), 
12 December 1989 (1989-12-12) 
-& JP 01 231644 A ( FANUC LTD), 
14 September 1989 (1989-09-14) 

* abstract; figures * 



13 



14,21 



TECHNICAL FIELDS 
SEARCHED (lnt.CL8) 



The present sea/ch report has been drawn up for afl ctakxis 



THE HAGUE 



24 May 2000 



Zanlchelll, F 



e 

2 



CATEGORY OF CITED DOCUMENTS 

X : particularly retes/arn if taken alone 

Y : particularly relevant it comoiTed wftn another 

cocument of the same category 
A : technological background 
O : non -written disclosure 
P : intermeolate document 



T : ihecry or principle underlying the invention 
E : earner patent document, but published on. c 

after the fling date 
U i document cried in the application 
L : decurnerrt cried for other reasons 



& : member ot the s 
document 



» patent family, corresponding 



8NSDOCID: <EP 0854558A3J_> 



EP 0 854 558 A3 



ANMEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 30 0331 



This annex lists the patent family members relating to the patent documents cited In the above-mentioned European search reoort 
The members are as contained in the European Patent Office EDP file on M 
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

24-05-2000 



Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
date 


JP 04368440 


A 


21-12-1992 


NONE 








JP 03203540 


A 


05-09-1991 


JP 


2836150 


B 


14-12-1998 


JP 03056049 


A 


11-03-1991 


NONE 








US 4633113 


A 


30-12-1986 


CA 
EP 
JP 
WO 

US 


1278013 
0240514 
63501120 
8702524 
4674178 


A 
A 
T 
A 
A 


18-12-1990 
14-10-1987 
21-04-1988 
23-04-1987 
23-06-1987 


JP 61073559 


A 


15-04-1986 


NONE 








JP 08242549 


A 


17-09-1996 


NONE 








GB 2302455 


A 


15-01-1997 


AU 
UO 


6231296 A 
9700549 A 


15-01-1997 
03-01-1997 


1 JP 01198261 


A 


09-08-1989 


NONE 








JP 01231644 


A 


14-09-1989 


NONE 











For more details about this annex : 



' Official Journal of the European Patent Office, Mo 12/82 



4 



